. However, whether the parental interaction with the 36 environment regulates the same behavioral modalities in the parents and the progeny, 37 indicating the transmission of specific sensory information, is not clear. In addition, the signaling 38 pathways underlying the transmission of the parental information to the progeny are poorly 39 understood. Olfaction plays critical roles in animal behaviors that are essential for survival, such 40 as searching for food and avoiding dangers. While genetically encoded 8, 9 , the olfactory system 41 is highly adaptable. Experience can profoundly shape the meaning of an odorant to an 42 animal 10, 11 . Caenorhabditis elegans feeds on bacteria and is often attracted by the smell of the 43 bacteria in its habitat 4, 12, 13 . Meanwhile, some bacteria are pathogenic. Ingesting the pathogenic 44 bacteria makes the worm ill through intestinal infection 14 . Previous studies show that after briefly 45 feeding on certain pathogenic bacteria, such as the Pseudomonas aeruginosa strain PA14, 46 adult C. elegans reduces the preference for the smell of the pathogen, even if it is initially 47 where training generated strong aversive learning were similar to the P_CIs of the F1s of the 113 naive F0 mothers in the experiments where training generated weak aversive learning (Figure  114 1D). Consistently, there is no correlation between the choice indexes of the F1s (P_CI) of the 115 naive F0s with the learning indexes of the F0 generation (LIs) ( Figure 1F ). Thus, it is 116 conceivable that the parental experience with PA14 signals two types of information, aversive 117 information such as pathogenesis and appetitive information such as food, and the weight of 118 these information transmitted to the progeny depends on the degree of the parental learning. 119
120
To examine whether the difference in the olfactory response to PA14 in the F1 generation 121 passed onto the F2s, we isolated the F2 worms from the F1 mothers and cultivated F2s under 122 the standard conditions on E. coli OP50. Similarly, we quantified the parental-experience 123 dependent learning index (P_LI) in F2s, which was defined as the difference between the choice 124 index of the F2s of the naive F0 worms and the choice index of the F2s of the trained F0 worms. 125
We found that the P_LIs of the F2s did not depend on the P_LIs of their F1 mothers (Figure  126 1G). These results together indicate that the parental experience with PA14 only regulates the 127 olfactory response of their first-generation progeny, leaving the flexibility for F2s to respond to 128 further changes in the environmental conditions. 129
130
To further characterize the parental-experience dependent olfactory learning in F1s, we asked 131 what behavioral changes gave rise to their altered olfactory choice. We analyzed the movement 132 of the F1s when they navigated toward OP50 or PA14 during the two-choice assay (Figure 2A) . 133
We measured the navigation index, which is defined as the ratio of the radial speed towards the 134 target and the actual traveling speed to quantify the efficiency of the chemotactic movement 135 towards an odorant source 17 ( Figure 2B ). We divided the assay plate in sections along the axis 136 of the two drops of the bacteria cultures that were 2cm apart and quantified the navigation index 137 for each section in each worm. We analyzed the median value of the navigation indexes for all 138 the worms in each section as a function of the distance away from the target. We found that the 139 navigation index of the F1s of the trained F0s increased when the animals approached the 140 target, indicated by a significant correlation between the navigation index and the distance from 141 the target regardless of whether the worms chose OP50 or PA14 ( Figure 2B ); in contrast, the 142 navigation index of the F1 worms of the naive F0s did not correlate with the distance to the 143 target ( Figure 2B ). We also measured the locomotory speed, the distance that the worms 144 travelled and the time spent on travelling before reaching the target, the rate of reorienting 145 movements, the reversals and the large body bends, and did not find any difference between . We found that while the nsy-1(k397) animals showed a much reduced survival rate, the 160 . We tested the mutant animals that contained a deletion in rrf-3, which encodes a 182 RNA-directed RNA Polymerase (RdRP) 21 that is needed for the biogenesis of endo-siRNAs that 183 are maternally inherited or found in the soma 6,7
. We found that the rrf-3(pk1426) mutant animals 184 display normal naive and learned olfactory preference for PA14 in the F0 generation (Figure 185 increases the progeny's preference for the smell of PA14, suggesting the mother-to-offspring 222 transmission of beneficial information of PA14. The smell of PA14 is attractive to the worms that 223 never ingest PA14; even after training, the PA14-trained adult worms that display a reduced 224 preference for the PA14 smell still prefer the smell of PA14 more than the non-food odorants 5 . 225
The bacteria of the Pseudomonas genus are highly abundant in the habits of C. elegans with 226 many isolates being beneficial for the development and the reproduction of the worm . In C. elegans, the insulin-like 234 signaling acts in the soma or the germline of the mothers to regulate the development and the 235 stress responses in response to the parental experience with food deprivation or osmotic 236 stresses, respectively 26, 27 . However, in most cases, especially when the parental experience 237 generates adaptive changes in the same behavioral modality in both the mothers and the 238 progeny, the signaling mechanism underlying the transmission of the parental experience is 239 largely unknown. In C. elegans, it is shown that the pathways of the endogenous small 240 interfering RNAs (endo-siRNAs) can regulate the gene expression and the function of the 241 nervous system in response to the experience within the same generation 30, 31 . In addition, it is 242
shown that the production of endo-siRNAs is regulated by prolonged starvation and the altered 243 siRNA profile persists for several generations 20 . In this study, we show that the RRF-3/RdRP The aversive olfactory training was preformed mainly as previously described 4 with minor 257 modifications. To prepare the training plates, individual OP50 colonies or PA14 colonies were 258 used to inoculate 50 mL nematode growth medium (NGM, 2.5g/L Bacto Peptone, 3.0g/L NaCl, 259 1mM CaCl2, 1mM MgSO4, 25mM KPO4 pH6.0), which were cultivated at 27ºc for overnight. 260 800 mL (for 4h training protocol) or 400 mL (for 8h training protocol) OP50 or PA14 culture was 261 spread onto each NGM plate, which was incubated at 27ºc for 2 days to prepare the naive 262 control and the training plates, respectively. To preform training, the first-day adult 263 hermaphrodites cultivated under the standard conditions with OP50 as food were transferred to 264 the control or the training plate, respectively, and kept at 20ºc for 4 or 8 hours as specifically 265 described. By the end of the training, some of the naive control and the trained F0 worms were 266 randomly picked to measure the olfactory choice and learning in the automated assay and the 267 rest of the F0s worms were collected from the plates with S-basal medium and passed through 268 a cell strainer 40 micrometer nylon filter (Falcon) to remove laid eggs. Worms were then treated 269 with a bleach solution to isolate the F1 embryos, which were hatched and cultivated under the 270 standard conditions until the adult stage. 271
272
Olfactory preference assay using the automated olfactory assay 273
The automated assay that quantifies the olfactory preference in individual animals were 274 conducted as previously described 
Slow killing assay 306
The slow killing assay was performed essentially as previously described 14 . 200 µL freshly 307 prepared PA14 culture incubated at 27ºc in the Luria-Bertani (LB) medium overnight were 308 spread into a 4cm diameter circle on a 6cm NMG plate and incubated at 37ºc for 24 hours and 309 then left at room temperature for another 24 hours before the assay. 20 F1 young adult 310 hermaphrodites cultivated under the standard conditions ( Figure 1A 
